Title: PROCESS FOR THE PRODUCTI ON OF POLYAM DES FROM DI NI TRI LES AND

DI AM NES Abstract: A process for producing pol yani des frohd @cteber200is and
di am nes i ti nuous reaction using subsequent beatj teps. In
particulaﬁ?O?H@Q%rocess i nvol ves contacting a dinitrilé?ﬂgmﬁﬁgﬁﬁne. wat er,
and optionally a catalyst to forma reaction m xture; heating the reaction
mxture to a first el evated tenperature of between about 180 to about 240
C, maintaining said tenperature for about 0.10 to about 20 hours, and
optionally controlling the pressure_in this heating step by venting;
heating the reaction mxture to a dEHdhd el evat ed tenperature of between
about 250 to about 350 C. adding water to the reaction m xture before or
after the second elevated tegggrature i s reached, maintaining the pressure

in the second heatHR{CESS FORTHE RBRODYSHIONOER POIsSIAMIDESvent i ng at | east
sone of the water, and ' ey ted tenperature for a
period of about 0.10 toW@%@&?b®gﬂﬁg%%§j@ﬁ%ﬁﬁ%@%@%?ing the polyam de. 13

Cct ober 52004 WO 01/ 79327 PCT/ US01/ 10027 TI TLE PROCESS FOR THE PRODUCTI ON OF

POLYAM DES FROM DI NI TRILES AND DI AM,NES 5 Technical Field This invention
relates to a process for produciﬂ&dHHW§@ﬁWdes fromdinitriles and diam nes

and to rel ated b nitde rdkitestd GlpfocBsFe e cihf PO iied ¥ BnSrileSafak 9r ound Art
diamines and to related polyamide products produced from the -process.
Background Art

10 Currently, polyamides are being produced commercially from dicarboxylic
acids and diamines. For example, Nylon 6,6 is commercially produced from adipic
acid and hexamethylenediamine. Alternate routes to these materials have been
explored within the art. For example, the art has taught processes to produce Nylon
6,6 from adiponitrile and hexamethylenediamine. Greenewalt, U.S. Patent No.

15 2,245,129, discloses a process to produce polyamides by reacting adiponitrile,
hexamethylenediamine, and water at a high temperature and pressure. However, the
Greenewalt patent requires a two-stage process in which, after initial heating, the
process must be discontinued to allow the reaction to cool, and then be subsequently
heated again prior to recovering the polyamide. A modified process to react

20  adiponitrile with hexamethylenediamine and water was disclosed by Onsager in U.S.
Patent No. 3,847,876, but at extremely high pressures of up to about 13.8 MPa (2000
psig).

The production of polyamides was improved by the introduction of catalysts to

‘ promote or enhance the production of polyamides. Several catalytic methods are

25  disclosed, for example, in U.S. Patent Nos. 4,490,521, 4,542,205, 4,603,192,
4,725,666, 4,749,776, 4,436,898, and 4,528,362. In addition, cocatalysts were
introduced to further promote and enhance the production of polyamide. For example,
a process of forming polyamides from adiponitrile, Hexameﬂlylenediamine, adipic
acid, and water was described in Greene et al., U.S. Patent No. 4,501,881.

30 Each of the methods described above, however, have the significant

shortcoming of producing polyamides from adiponitrile and hexamethylenediamine



10 Currently, polyam des are being produced commercially from di carboxylic
aci ds and di am nes. For exanple, Nylon 6,6 is commerci al | {3 Priotiec@Ps r om
adi pic acgj exanet hyl enedi ami ne. Alternate routes to these nmaterials
have been g)?pfbg% ed within the art. For exanple, the a tCTﬁjéglr)]to%ght
processes to produce Nylon 6,6 fromadiponitrile and hexanet hyl enedi am ne.
Greenewalt, U S. Patent No. 15 2,245,129, discloses a process to produce
pol yam des by reacting adiponitrile, hexanethylenediam ne, and water at a
yatent requires a

hi gh tenperature and. .pressyre. wever, th eenewal t 3
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ror oved bYTRY Sraratiic s 0o et ek U Peismvosabe Brfibmec 1 ne
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exanpl e, i nhU. S. .Patept gos.. 4ﬁ490,g(?1 4,542 205, 4,603,192,
4, 725, 666, £ H%gVHhecan lead o adanificant product aualify deteriqrationi ¢ i on, cocat al ysts wer e
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exanple, a process o rmn ol.yam des_ from adi panitrile,
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PCT/ USO1/ 10821fsts, and fibra @b 1§ welght petddft dFEtRAMEI e etylch BRinicGREdeq! €Vel s Of
the dinner Lof. the aliphatic %i)gﬁnhae. I.n the case of hexanet hyl enedi am ne,

the dimer PFERAREEIHolieFesads sAdtmg thetemaindsnpfthe (BHMT) .- The di ani ne
di meri zat i hexanthplensdtdntite RYowEEby ﬁm)gﬁer&ﬁrmemme-%teggﬂ)cwsﬁmees required

and Li Spr  Efegpe loiis 1 3 o o o8 soppptec 5 442 AR O mor s or
triam ne bievels Geimad tisouphithedemhingd Sfoflick BAcREBuddeit, t he | i near pol yanmi de chain,
Associ ated vt neHE By St RgRo se proc: T e dRuGEs has g €1y
over cone bydrblgsipoftheskmmittiese hdisie deidyitilBinglh daialydfand a bbdatalyRat gt  No.
cocatalyst was described as a saturated aliphatic or aromatic dicarboxylic acid. The
20  second step includes the addition of at least an equimolar amount of diamine followed
by polymerization. Through use of this process, they were able to achieve triamine
levels between 500 and 600 ppm. However, this process is hindered by the substantial
amounts of cocatalyst required. For example, the Liehr process requires a level of the
dicarboxylic acid cocatalyst from about 1 to 13 weight percent based on the
25  adiponitrile level. In one example, they teach the use of 73 grams adipic acid
cocatalyst in the hydrolysis of 487 grams of adiponitrile.
Each of the two-step processes described by Shyu et al. and Liehr et al. are also
hindered by the inherent difficulty with discontinuous processes and significantly
greater process length (time) when compared to continuous processes of the
30 background art. The present invention overcomes the shortcomings of the background
art providing a simplified continuous production process for polyamides with low
levels of triamine impurities without the need for substantial amounts of cocatalysts.
2



10 4,739,035, and Liehr et al., U S Patent No. 5,627,257. Shyu et al.
teach a two-step process, wherein the first step includes3 PEEbEYHM ysi s
of adiponitrile with water, catalysts, and fromO to 10 wei ght percent of
the total hexamet hyl ene di am ne needed for the reaction. The second step
i ncl udes addi ng the remai nder of the hexanethyl enediam ne followed by

pol ynmeri zation. This two-step prosgasuRy FYieeeh,15 triamne levels in the
560 to 1300 ppm/|evels as conpared . to the 1420 to 1610 ppm | evels found

t hr ough t he teac,lHFﬁ@%asé’FCthWEPreﬁ%’&%?’ﬁ’GﬁﬂleﬁlﬁPmElidéfh?Pfé‘fessaﬁmPfG@ngabe a

t wo- st ep prRBesse cdhfridilg: st step includes the nearly full® hydrolysis of
the adiponitrile to adipi¢c acid utilizing a catalyst and a cocatal yst. The
cocat al yst was &8%%?*1“5@(5‘"’&5‘16&”1%‘h%‘t’%d‘f gq”l 39 aptiwalby a ertabsHipife A eRdtiBbXy | i ¢
aci d. The Zfix@egond step |ncI udes the addition of at |east an equi nol ar
anount of di am r]jﬁ fol ] owed. by pol ynerization. Thro%l%h use of this process,
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they were able até’@ﬁ}ileer%“f’?ina‘ﬁ‘irﬁ@afl‘fét\Féel"%te‘E)?FWQ@Wr betwisen Bovt 1§B A

However, t hibsut PE®CEHginiamith ARQERS e 159, 19UDSH Ak, aihd opﬁgpﬁlptc&n&hmg%at al yst
reqU|red For exanple, the Liehr process requires a |evel

di car boxy| |P635§E?ED"<‘F(5‘E&S§WT fromabout | to 13 weight per cent based on the
25 adi ponitril e thaVler mhidt-R06 tﬁéﬁf@él@vateﬁlﬂ&r}/p&a@lﬂ'g Quﬁs@@eh’tﬁ?negtfmg Re QLAY

adipic acid cocatalyst in the hydrolysis of 487 grans of adiponitri

Each of t hanikipeste aeqsopsd Jevated dampsebie p: aishryzusoep abut 3¥AQ; addioh watet toat

are also R ¥y : esses
and signifi }(l:é;%ﬁl)g/g gr egtB g?}e%?g%ggﬁse Sg%%gkﬁ%éﬁe%&%ﬁ&g%ﬂ&d %gﬁﬁ%% e

cont i nuous PpsEemdkssepindthpaing gtep aleivg ﬁfe@mdlem pressvtﬁéyrmame it leashsaretaf Gre
overcones the. ShenlL.eemiRd%e Qécm?&"&e\}g% o?%h rPJd%‘f%l?o'up@ @to lbf i ed
conti nuous production process es W t eve r| am ne

i mpuriti es bajus Horrpduch e pelsaseids.or substantl al anmpounts of cocat aI ysts 2 13
Gct ober 2004 Di %&Llpawoem%t m?ﬁepéaa e 515151@ gl%@g&dee amﬁmgﬁt%&ﬂ}
invention there is provid proce ol

conpri si ng: IOMWPMGQUI@PW‘PE\SN@tW dlmtlﬁem@ﬂmeamemwmqfonal ly a
cat al yst tgvaté?hﬁ}ﬂeﬁcﬁi@&}éla@i@et rque(&ﬂﬁlfrﬂe heating the reaction mxture to a
first elevated tenperature o et ween about 180 to about 240C, rmaintaining
sai d tenperat urdn armtheeermbpdzreeng@harmr@ heaging thepeaciomahixretontsecohd elagiadhe

pressure bYerRPhirdtha®be Y5iRLd under a reaction pressure of above atmospheric pressure. After

maintaining the second elevated temperature, the reaction mixture may then be optionally

maintained at a third temperature of about 250 to about 350°C while the reaction pressure may
be reduced to atmospheric pressure or less. This additional embodiment often may allow for
the more complete polymerization of the amides thereby achieving a higher molecular weight
polyamide product. -

In yet another embodiment, the dinitrile may be adiponitrile and the diamine may be
hexamethylenediamine. The final polyamide produced when adiponitrile and diamine are used

in the process of the present invention is poly(hexamethylene adipamide)(Nylon 6,6).



then, after maintaining the first el evated tenperature, subsequently
heating the reaction mixture to a second el evated tenperhl deleber2didt ween
about 250 to about 350C;, adding water to the reaction m xture before or
after the second elevated tenperature is reached; maintaining the pressure
in the second heating step above atnospheric pressure by venting at | east

some of the watBiepoBRdidBBinYedhdiubld ih B EortieRR Brodtss W WithoueRPRLA M 1 OF @
period of a}bo t 0.10 to about 10 hours to produce a polyam de. In an

enbodi ment ,eYeH A eratalysts Pisddn be apor atpeocgsssii Miereonsy thseolgaisls hpsbesm fospdunt
wi thin 10 wekhitewasRrls oofriafsiéiNphifes.based on the dinitrile and at |east a
stoichionetric amount of water nmay be added relative to the dinitrile. In

anot her embodi nef# Secenbaseechpt the Pisieat inyigtiom dhereds providrd palsamtides pradugeds econd
el evated hRHpHcabNDrém¥ede Obtained under a reaction pressure of above
at nospheri c prejgure. After  maintaining the second el evated tenperature,
the reaction m XPafrdasRect ¢ dhe nsesens saveptingy there isRipYidesianseresstfonpredycing a

t enper at ur @oBamal@biprishty (b roalEiHs a3RE1Mainthe! Miel AAGHIIGHAPE BNt & MBY be
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pol yam de has been tound to ex l'ow I'evel s of trianne Impurities. In
a second aspate tof thildderpresten bl hatweenbomn 275 theba@it BE°frod ndiethinh thatiirdes

pr oduced ?IQQ rocC : third aspect t he present

i nvention, k her er&;JIQ 5"’%&% cP%&&asg%? gidelglgljg?%fo%‘!rhggeﬁgﬁldgegevéteg%grpﬁgm %g%ﬁe

conpri si ng tfearpaction prsstiengreducdd i dimodphsricgirgmiraer, lessad gnducangdolgghidanal |y a

catalyst to for o) 1 re: eating.-the reaction mxture to a
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mai nt ai ni ngesuding todhgbirdsspect of the pBsehOinventi®® hours; (c) heating the
reaction m xtur 4 | evat t rature of..hetween about 270 to
about 300C, add?ﬁgﬂervxg?ﬁ Ef(} %q?ﬁség}%ggﬁta ﬁsﬁﬁ%lﬁ%ﬁ%ﬂe?%ﬁ’gé%l?e BPter e second
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wat er through venting; and m&gt(é}if&idﬁgyﬁlg%)utthelnvention

The present invention is directed to a process for producing a polyamide from dinitriles
and diamines. The process includes the step of contacting a dinitrile with a diamine, water, and
optionally a catalyst to form a reaction mixture; heating the reaction mixture to a-first elevated
temperature of between about 180 to about 240°C, and maintaining the first elevated
temperature for 0.10 to 20 hours; heating the reaction mixture to a second elevated temperature
of between about 250 to about 350°C, wherein before or after the second elevated temperature
is reached, water is added to the reaction mixture, some of the water is then subsequently
removed, and the second elevated temperature is maintained for a period of about 0.10 to about
10 hours, preferably 0.10 to 4 hours; and recovering the polyamide. Optionally, the reaction
mixture may be maintained at a third temperature of about 250 to about 350°C, that may be the
same or different from the second elevated temperature, prior to recovering the polyamide,
wherein at the third temperature, the reaction pressure is reduced to atmospheric pressure or

less.



second el evated tenperature for a period of about 0.10 to about 4 hours;
(d) heating the reaction mixture to a third tenperature B¥Ogleborti®4about
275 to about 300C and maintaining the third tenperature, which nmay be the
sanme or different fromthe second el evated tenperature, while the reaction
pressure is reduced to atnospheric pressure or |less to produce a pol yam de.
In a fourth aspect of the present invention, there is provided a pol yam de
produced according to the third aspect of the present invention. Further

obj ects, features, TROWaAGHAAVAGRSH B pkde6ssiinbhaIe ket diMlysis oPRic QB Par ent
from the detai lcgld.des_crlptlgrg t hat fpol_lows. Mode (s) for Carrying Qut the

| nvent i on The“i!')‘?i FLHE ?F%"\?éﬁ"ﬂ' HSi_PQrOSP‘ftéE‘%‘@H‘EtacFa@OHﬂE@ééﬁ’f peubgitwerlici ng a
pol yam de fr ogintlielhttinddRE. TRABEHydHbIEE AB&uct thBRrdAlOGRR thelddbdilB iR St €P Of
contacting a dinitrile with a diam.ne, water, and optionally a catalyst to

: h a di am ne )
forma reacti HPEOATAGHRK. Hygheripalymerizatipe Brofvcsntheifingl desired progueti dBe el evat ed
tenperat ure oprdoeskWeRe p?éa&mnv&ﬁfant:%aiﬁmg b A4 QnditAd 8 vﬂg%}'.éaé Rctidag first

el evated tenperature for 0.10 to 20 hours; heating thelr actron mxture to
a second el evtddhat ispelyamigieprodysedihas aloatiriaming copend andran beprod@8dC, wher ei n
before or aft qithbltQusseatNdnRlaYstethdigperature is reached, water is added
to the reaction mxture, sone of the water is then subsequently renoved,
and the second el el st sepphthe prages iy conigatingadinitie Wish 2 diapine] watemndabout
0.10 to about optiddaidPslésatlyRESbimt ARadiod miluld 4 hours; and recovering the

pol yam de. Optionally, the reaction mxture nmay be nmaintained at a third

t enmperature of abotkthomesepnygniien. dBBUle is mpret tofagiudseny materiglawtgclor  di f f er ent
fromthe seco RSB i I ec il . m de,
wherei n at thgg?ﬁkﬁéé%g%ﬁ%r at urlgﬁﬁgjﬁepr%ﬂaagl i%ﬁdlﬁg\éﬁl} g&?%'ﬁ?gnéﬁ%lgéﬁt o]

at nospheric pressure or less. 4 13 October 2004 The reactions involved in
the process include the hydrolysis of the dinitrile, which gives rise to a
hydrol ysi s product including a carboxylic acid or unsubstituted am de

i nternedi ate. The hydrol ysis product then reacts with the diamne to give
rise to an amde |ink. Further polynerization produces the final desired
product. The process of the present invention capitalizes on the conditions
i nvol ving these reactions such that the pol yam de produced has a | ow
triam ne content and can be produced w thout substantial anmounts of
cocatalyst. The first step of the process is contacting a dinitrile with a
di am ne, water, and optionally a catalyst to forma reaction m xture.
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In the present invention, dinitrile is neant to include an% mat eri al which
incorporates a dinitrile functionality. Preferably, the dlhPetobpe2d4 |
contain 2 \R,Frq_lfj?gh 20 4a 13 Cctober 2004 WO 01/ 79327 PCT/ US01/ 10027 car bons.
The dinitrYP&YARY be aliphatic, straight chain or bran®GEFSOR0Z, ormtic.
The dinitrile may contain flinctionalities that do not interfere with

pol yam dati on, such as alkyl, aryl, tertiary am nes, and sulfates.
Specific exanples of dinitriles which are wuseful within the present

i nvention include _adiponitrile, suberonitrile, sebaconitrile, 5

i sopht hal offPPst 3’,“3 qinytple anny be aliphativ, sraight chain erdhranshadaptamematicl dhe and i xt ur es
thereof . Binafifrad contalsandloftiities ha do RoAHERAR Widh pb Gaglollidi QeRLoC eSS, the
dinitrile %ﬁ(yrydroelﬁézed to forma carboxylic acid’ Preferably, in the case
of adi poni 8¢} 8L dgriary amines, pnq sulfates Sreeifinexamplasofidigitiles which are” adi pi ¢ aci d.
I'n the presasmil with4eié pRSnt ARAtEH MohBEadipiniAR! SibliBticil, SARLdGA POl yam de
may 10_be_used. Di am nes include any naterial which incorporates two anine
functi ons. isophthglenitiile, §.12:dadecanedinitile, (eraphtalopitilgi aad mixtarepthereaf. bons. The

diani ne naprdail, i dhitdle is sfipbirl) n Akt mbARARhydRly AU AL €. The

di amine may contain other functignalities that do not interfere with

pol yani dat FBR 2 c@fhopyliracidy |Pygterably.n the case of adiponitrile,fhe carbaxglic anid foames .

Speci fic exanilyamlyls isidnt 86 whi ch are useful in the present invention 15
i'ncl ude hexanet hyl enedi am ne, tetranethyl enediamne, 1, 1 2-dodecane

di amine, p- xyl&ke RIFSERS Rvention, agst digming sustable for prepaing A nedyamidegnayc t anedi ani ne,
and 1, 19- B@s@a.emaﬁméa%clﬁe%ﬁm%awhkﬂ%_fpﬂme,!a?wéaﬁnihémgﬁ&m' enedi am ne.

The diamng reacts wth the "hydrolyzed dinitrile product to formthe
am de. TheF&festly: thafiamine illronking ip 40 casbonsd dbeidipming mag o aliphatief f i ci ent to

react i { s Bkt 6 ed@Bectlondehdlo® THE AL na) Sorkfln BGJHEZIOhI oS T ed

am de. Thig anount is generally at a |level of"wthin 1 mol e percent of
equi ol ar  BRSERb Hterive Witthpalyamiidation: gechea alkyl, parl gartiany aehings antbt er i ned by
factors i ngdathsNSpdcitRe cRthR6Wr afamikts Ghich IRUsERn teHfestR aRkfiondesi gn, | osses

of the,_di ni{g;li*le during the process, and |osses of the diamne during the
procesdd vigride hexamethylencdiamine, tsraragthlenedipmine; bie-thsteeang diamineepct ant in t he
hydr ol ysi sxflénetdining 3-mhéthylill sepepfaflediinife, R8O GBS SdifMin@ Il 1,70t he

polynmerization. In the contacting step, the anmount of ‘water used should be
t he” anmount dEediaminge Hreferablydhcfigring isdexampthylgngdiaming.c The digmine rdarty . ¢ hi s
anmount of wak &le hiydroBized AMEle HAUR: tol B the amieO TRIrbMrel Me iRAGIAMOE Of

nitrile to, be hydrol'yzed. The water is added into the reaction initially or
during th gbe added in an amount sufficient to react with the hydrolyzed dinitrile product and

20  produce the desired amide. This amount is generally at a level of within 10 mole
percent of equimolar based on the dinitrile. The exact level will be determined by
factors including the molecular weight desired, the rea;:tor design, losses of the
dinitrile during the process, and losses of the diamine during the process.

Water is used in the present invention both as a reactant in the hydrolysis of the

25  nitrile and as a processing aid in the polymerization. In the contacting step, the
amount of water used should be the amount effective for hydrolysis of the dinitrile.
Typically, this amount of water is at least equal in stoichiometry to the amount of
nitrile to be hydrolyzed. The water is added into the reaction initially or during the
reaction as a water purge.

30 The optional catalyst component of the present invention may include any
substance, which promotes or accelerates the processes of the present invention. This
may include catalysts identified within the background art for the hydrolysis of

5



. Fanthanum tri

reaction as a water purge. 30 The optional catalyst conmponent of the
present invention may include any substance, which pronot&@clgberstd®él er at es
t he proce §n% f the present invention. This may include catalysts
identifie VAPH the background art for the hydrolysi ECHUSST ot oper
2004 WO 01179327 PCT/ US01/ 10027 dinitriles, the polynerization of

pol yam des, the reaction of amnes with nitriles, and the like. In

addi tion, nore than one catal yst conponent nay be added to pronote or
enhance thgse leactign processes. Representative classes of catal ysts

i ncl ude ox les B polymtrizationns aplenides, the nesstinnns aminey withnigdles, anchi ng bor on
conpounds, fRNHESE h RN AEHAS o tafalifst &%Bﬁéﬁ?ﬁ'ﬁytr béided fog,?&}ﬁ&!; B ng

conmpounds, such as copger or manganese, aliphatic and aromatic carboxylic
aci ds, and SHRPetheserestiongsenesses. Repesenttive slagses of setalygts inshudeexsigde phosphor i ¢

aci d, phosphsiamMs pﬁ@sbﬂommﬁ@%ﬂ§,mﬁe%§n@mn@bow%&aﬁm@£9' pAcCi d, sodi um
hypophosphite ,hydra%}‘?, man%anese( ) hypophosphi t e nonohydrate, cal cium
hy pophog phreeriainig sylfyr cempgunds, metgl-coniaming compepnds, syehaseaprst ol f at e, anmoni um

hydrogen s glahginese, ipHsiival URAREE SRl kt ack¥ Hnd TewisRBAS hg{gLybdi c acid
y

hydrate, zinc acetate dihydrate, .zinc_sulfate -' hept rate,
copper (| 1) s¥Eplgsof rEapss uFudephosphpris acid, phasphareus agidyhyppphespherais adi pi ¢

aci d, iSOpBéiﬂ'ﬁny}dj)h@s%h&iczfcﬂ[ﬁﬂm&%&ﬁl@ﬁﬁt@hy&m@mfOi sopht hal i ¢ aci d,
| Uor orret hanesul f onat'e, ‘nanganese(| | Jacetate tetrahydrate, 15

“cetyl t ri nefRpERATERNYRAPResBhicdronohyzirate colpigmdiyportiosphite isulfuricdeids e,  2-
Dy 1 dy HONOSMAEHA i Sbchum BisSikd, SR M iofe e, AOBRBAHL EG  hET 0T 1T
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catalyst is used_in_the process, an effective a e catalyst wll

be that ahtlie. thewmbomelypdienid kydemte. ainpasetate dihwdraig.dinglsyléits of the dinitrile,
pol ymer i z ahéghhydiale, édpBerfilactate ﬁg%éxgmdr?tiknggc]g@%?&pgl?&ﬁ h&adfid rile and

di am ne. Thi,s effective anount 20 C er for difrerent "catal ysts, but
typi cal |y fafisopiibalis a5id; iseephthrlivacids S-enlfprroplyhaliggeid dpmshasumpr ef erably 1.0 to

200 mol e, riiRbRRERLELAN K, AarkahledfhcbiiRk&raniacat 2l yst  based on one nole
of di niéri le. Wiile the inventors have found that no cocatal ysts are

requiré&d i FETYIREmghylanumenium Aroande, bymolybdesilicisaciddwdraten producti on of the

pol-yam de, paiiyihoéphsis ati®s-SRfoistphalidncid 2nd MBnREGREQ, | nvention. Such
cocatal ysts may, i nclude any, of the catalysts |isted above. O her conponents

| .ud ny. .
may be added toff RS AP O BEoGer s A Tk e NP e cplyst will be
that amount used to promote or enhance the hydrolysis of the dinitrile, polymerization

of the amide, and/or the reaction of the dinitrile and diamine. This effective amount
20 will differ for different catalysts, but typically falls within the range of 0.10 to 500
mmole, preferably 1.0 to 200 mmole, more preferably 2.0 to 10 mmole, of catalyst
based on one mole of dinitrile.
While the inventors have found that no cocatalysts are required in the pre.s-ént
invention, to effectuate the production of the polyamide, cocatalysts may be used in
25  the present invention. Such cocatalysts may include any of the catalysts listed above.
Other components may be added to the reaction mixture as are known in the
art. For example, stabilizers, including thermal stabilizers, polymerization catalysts,
processing aids, pigments, antioxidants, and the like may be added.
The effective amounts of dinitrile, diamine, water, and optional catalyst to
30 effectuate the reactions necessary for production of a polyamide are mixed together
and added to a reactor, or added separately to the reactor and blended. Any desired



art. For exanple, stabilizers, including thermal stabilizers,

pol ymeri zati on catal ysts, processing aids, pignents, antlDRri@aer4d04and the
i ke may The effective anobunts of dinitrile, djamne, water, and
opt i onal 2‘2{’3’?’%%0 30 effectuate the reactions necespggﬁ@mp]cﬂmpr oducti on
of a polyam de are m xed together and added to a reactor, or added
separately to the reactor and bl ended. Any desired 6 13 Cctober 2004 WO
01/ 79327 PCTI USO /10027 reactor can be used and are known in the art.
Suitable reactors .include a . stirre aut ocJ.ave, an unstirred autocl ave, a
col urm reac?%io,r c%{'tfed‘ﬁgﬂ?“gg’éet]@f",mé’h eat. %%tﬁg’lFée&EtPﬁr“?dWr"éBV@r, the process

iks gener al Iaytoblwe,himﬁlsh&ecah&ml‘e@e_ R , adolultinlreactoR@ tabd re&BROE, 4@ a 16PITRARA. gy f'in%

nown process. anpl es i nclude purging.the reactQr, or reactors wi t

i nert gases, SUEFF ernﬁ’??f?@‘ésﬁlsogﬂgﬁ?lg'dﬂ?“\e‘g%@ﬁ%’lcFﬁ aif.ntheag ey and filling

it within remeet byanetiowapebepyse ESaiipldsiilgudepargiRahé Ractiidr eabtoRr t gases

followed b .%entrggag to l} at nosphere. These B{eocesses of renpving the air

may be repeat et eRSHaTHI" f MBS Or arg, Fyasppting fheacactor andfillipg R Withig step, the

reaction niixert gagesind iphegsuslizins thiel b tor With e @ascd@iliBtved by Gen@ifighopt i Onal

cat al yst arﬁhe@e%he-reg%tor o a fi rs& el evated tenperature wthin

the range 28F°°BHEUt IPESssR picempying (b aipmpy borspeaiedasgrany 4mes #for e

preferabl ydeéfedto 220C. The tenmperature range of the process is determ ned

~ by the rate of éﬁetf]eaction. Al tethPerature bel,ow 180 C, the rate of the
reaction i s gen2fd P mEEHREFP: B Fraction ayxys of fhe djnifyile digmineapaters nper at ur es

above 240Candogiondlicatalyt ato el $n 18§ reldtorks a [iFsD Blovded) e wifhfd tBEN Ne, may be

formed. The reaﬁaion]&h)?o erature may renmain constant throughout the course

of this re&¥EroegHt A0 Geiroferbly D 9er@iCapnd meng prferalyP@0temy be used in
this step. obipeVIBE tenipdfnir@ MAR Stk FEUS is QPIhel B thel R oPHEFiEbn] Y be run

at lower pressures than the prior art attributing to the ess production
of triani nétiympsrabuesdelow B Cetharatd of thetibastionisgenesailydoelosto be f or this 20

step may be.wi thj r , 0.4%@/% 100, ta. 500 psigQ),

pr ef er abl y%fNSWH{%BJ%ﬁ‘}gﬁfﬁﬂg‘p%‘gtﬂ%s?%°%i%%’ ‘éssu‘ ,°aﬁ%%”é°“6?sé’? BFably 150 to 260
psi g. Thi s pexdegs,vech ds&iamine, map teformet dhe naodontempaatne niy rémain be vent ed. The
reaction pr contraoll.ed by the vent. setting. In particular,

t he vent pfg@@d{@oﬁou 'g'egoe etogﬁflse‘ieacst% r%?y?eﬁ’ ter out. Preferably, the
vent pressure ik gendralf myenssnembnbd usad imghis step. yHokevet) theildeatorsitavé1ot 25

vent ed.

found that the process may be run at lower pressures than the prior art attributing to the
less production of triamine by-products. For example, the reaction pressure for this
20  step may be within the range of 0.689 to 3.45 MPa (100 to 500 psig), preferably 1.03
to 1.79 MPa (125 to 400 psig), more preferably 150 to 260 psig. This step may be run
under autogenous pressure or may be vented. The reaction pressure may be controlled
by the vent setting. In particular, the vent pressure may be set to let some of the water
out. Preferably, the vent pressure is set to ensure that a majority of the water is not
- 25 vented. |
The time for the step of heating and maintaining the reaction mixture at this
first elevated temperature is a function of the reaction temperature, process design,
reaction catalyst type and level, and the like. Generally, once the reaction mixture is
brought to the desired first elevated temperature, this temperature is maintained within
30  the range of 0.10 to 20 hours, preferably 0.10 to 15 hours, more preferably 0.10 to 10

hours.



The tinme for the step of heating and maintaining the reaction m xture at
this first elevated tenperature is a function of the reatlPeRbeeiddr at ure,
process desj eaction catal yst type and level, and _the |ike. Generally,
once the ‘ra‘gggp?%zrfrrixture is brought to the desired f PCAUSRY I8t ed
tenperature, this tenperature is maintained within 30 the range of 0.10 to
20 hours, preferably 0.10 to 15 hours, nore preferably 0.10 to 10 hours. 7
13 Cctober 2004 WO 01/79327 PCT/ US01/ 10027 After heating to the first

el evat ed terrpergh{glre and gﬁ@t aj ni n{g the tenperature for 0.10 to 20 hours,
there i s no neefiEifeatng to frdirst slexgtedismpsrgture and mainginipg the tempevatire 0 ¢ he
second el ef&itenh th 20B&UrS thikSis nb REIdQE 6bol tHO PeaPiiGRird Srick | MetiipOys from the
first to econd ,h atic[;tgmBThus, aftgr mai ntai ning the first el evated

t enper at ur &5ond elgugte graigre; Instead the-processis popympeus figmhe frsten heated to

a second elsevod Behtihg TS, AR Raih @M B firelfkvatked eapelaturdfoeh pérploy 260 to
325C, reﬁg{?e&erabloé 270 t.o 303C, whi | e pur gi n% the reaction by punping
wat er i At o "M7etf mixREe 15 thap brated 1Q 8 sReORSLRIValsH temperatiae magref 250at er

t hrough ved 3508C, phéterabl§ 7BE f02329%( nigddtereRblyi270 %o Fjoed, \Mﬁle(}ﬁ%ﬁ{ moed by the
rate of the hydrolysis 10 reaction, the polynerization’r agtlon and the

li ke. At té%ﬁ%%hymuw%éfa&m%@e;eaﬂqreandrr@a@tmmme@péiongfgne added| |y too | ow
to be econquicsthdughefing! - At tenperatures above - 350C, significant ampunts
~.of by-products may be forned. The pracess tenperature may renmain constant
‘"t hroughout t he Thsipmpergprerange pEtuisistep s determingd biothe sate efthe Butddysis or after the

second 1! eyat&d, e m?ﬁlr@ltiﬂgiﬁgn botion Gnd @1? RO Gyl ténaggwg%lcf% %5;0“??[51@ r is added

to the reactor as a purge. rfhe rate of water € reaction
may vary sregeidnratgis geperpiiistool layntotbe ecanemispilowsefit afttempératures almiver  si ze, the

react or degk@bh o4 ﬁglﬁﬁ]' { t like. .1n neral , the

rate of Wat§ g(?&éﬁﬁél?%g% S oﬁ%gbﬁg;mg%@%&%ctﬁl veg' gﬁrr%ﬂﬁfesf E?mgle% -the renoval

of ammoni amagpidnin gmstaesttiygughioet thoaluyseef fhe ahctan cofnay bevaiedde. Typi cal |y,

t hi s amount -of rwill, be w,thi he range of 01t 00 nol es of
b8 e SR 5 2 5l

wat er per hour e 0 ter addition
wi || piéf ematst is aldedusd thereactohas @ pumgee Thé re df viater 28ditia ia®, theveidtiopr ef er abl y

0, ok, 10 TRk St s o R B it gl 02,
or the pur ge remtiorbiempé¢raimecind e ldadingenerdine vasd of rwagen adiitisiafiodl@ bé ur ned on at
any stage glfl eﬂ’&ﬁwmﬁ%ugl £ SaidS in the removal of ammonia, which promotes the
polymerization of the amide. Typically, this amount of water will be within the range
20 of 0.01 to 100 moles of water per hour based on 1 mole of the nitrile. The rate of
water addition will preferably be within the range of 0.1 to 75 moles, more preferably
0.1 to 10 moles of water per hour based on 1 mole of nitrile. Moreover, the purge rate
may be constant throughout the process, the rate may be varied, or the purge may be
turned off and on. The water purge may be turned on at any stage of the hydrolysis
25  process.
Some of the water added to the mixture may then be removed by known
methods, such as venting. While all of the water need not be removed, at least some of
the water added in this step should be removed in order to effectively remove
ammonia.
30 This step may be performed at any reaction pressure above atmospheric
pressure. For example, the reaction pressure may be within the range of about 0.172 to

3.44 MPa (25 to 500 psig). Preferably, the reaction pressure is within the range of
8



25 process. Sone of the water added to the m xture may then be renoved by
known nmethods, such as venting. Wiile all of the water nkedcigber HW4
renmoved, 0@??%5 some of the water added in this Ste%ﬁ§%EU|d be renmoved
in order t ctively renove ammonia. 30 This step %y$%ﬁforned at
any reaction pressure above atnospheric pressure. For exanple, the
reaction pressure nmay be within the range of about 0.172 to 3.44 MPa (25
to 500 psig). Preferably, the reaction pressure is within the range of 8 13

COct ober 2004 [ 79327 PCT/USQ1/ 10027 about 0.689 to 2.41 MPa (100 to 350
psig), nor V\gﬁg‘?}%‘a%ﬁ%@é f°o35§1’?‘§)’ Rrste Rrefangbly §-965 spl pAMEp (14Pe 1 eacti on

pressure nMRg0 pp)C TRé fe@ttloR Prebyird My MeddhrsIRH bl B vedtiguihg me for the step of
heati ng and naigﬁai nelclgg,? the rgaction m xtyre at this “second el evated
tenperature is PEURCET e sigp of hratingand magaipi FRetpndnixpret dis design, 5

and react i edtosdéleasediterhpeptura vt fusdtioh of e RaktidhldmpeREs, prdt@ssddigd | on ni xture
I's brought to the desired seqc]onfﬁ %I evated tenperature, this tenperature is
mai nt ai ned 2biEactiop faplyst fpe Andley¢le F%ﬁag]é”w&ciﬁcil@%tq%ﬁrb&“gﬁr@ferabl y
0.10 to 8 HR\desired 38U0Rd EleRitcdiaipeyathle, iflis tdnfpetitbOM MfintiQ fo&AGhe ON M xture may
stay in the_tggrraa react(ar as,_the reagetrq%r subjected to 10 the first el evated
t enper at ur & Grapeant 0dP e K hawgs. pig 5’8&'1(}#@ 8ihgussfaore predmeble.d9 at ed
_tenperat ur @ 4 Ieks. exanpl e, the reactor for the first el evated tenperature

- tay feed the regactign mxture into second reactor. This nay be done by

having a tube rHE¥dEasHoR Rixfure may gay inge sapgseacighasisenster sibiegedie aut ocl ave or

col urm 10 eagiedirst clebited teinferitOR] GOndybelditeerens 8 BAMing tPMALR6hd SdvaRpAt Ure. The
r eact or maigbethos kno in the i ncluding, but 15 not limted to a

rt
stirred aufBwriatiee. l%ﬁ"’ S Ft&eé‘ifcﬁ’ﬂ?%@}eaﬁi% elexatedtemperatueepaydeed the t ube

react or, Ofeadtion@fiRmfedalGlaQEcond RActBY. O@SHayHe doREhPHA TR RltulcRR AR MBY
optionally_include an addit.i onal stgﬂgﬁgri:after the second el evat ed

t enper at ur EFeffths TAgoR myYuredpg 2p AaH Ay epsro hich és heplsd {odhe de.  The
third opti gitedd dévardidmpetanes TR rBdcir Biah Be oS ¥nBHE il @O alintiuding, Bk @ 20
br coaurs B i Gt R Pt et RO SuP Y o PR HBFOpBMfer | zat | on of
t he am de faélotyBya B6p red@ef ul i n obt ai ni ng a pol yam de having the nol ecul ar
wei ght desired, Th%ril)goc s%ro ith%lil)lre%érlddvention may optionally include an additional stage
after the second elevated temperature heating stage and prior to recovery of the
polyamide. The third optional step involves maintaining the reaction mixture at a
20  temperature in the range of 250 to 350°C while reducing the reaction pressure to
atmospheric pressure. This allows further polymerization of the amide and may be
useful in obtaining a polyamide having the molecular weight desired, and particularly,
a higher molecular weight polyamide. The third stage is often referred to as fim'sixing.
The third temperature range of the process is determined by the rate of the
25  polymerization and the melting point of the product polymer. In particular, the
polymer should be molten and the temperature must be high enough to geta
reasonable rate of reaction. However, the temperature must not be too high so as to
significantly degrade the polymer. The third temperature will generally be in the range
of about 250 to 350°C, preferably 260 to 325°C, more preferably 270 to 300°C. This
30 temperature may be the same as or different from the second elevated temperature

provided it is within the range of about 250 to about 350°C.



a higher nol ecul ar wei ght polyam de. The third stage is often referred to
as finishing. The third tenperature range of the process 1&Ogtoberted by
the rate Q{r]o hS 25 pol ynerization and the nmelting point of the product

pol yner. | é)'éf W cul ar, the polymer shoul d be nmolten BRHUBHE'®Znperat ure
nmust be high enough to get a reasonable rate of reaction. However, the
tenperature nmust not be too high so as to significantly degrade the
polymer. The third tenperature will generally be in the range of about 250
to 350C, pref er%glg/ 26Q to 325C, .nore preferably 270 to 300C. This 30
tenperature rayVBE the FraPeRturg is hemnemaintzipeds the finalipsessuse shoglddieev at ed

t enper at ur gedufday hieisbhetic biflesd) THE AtcldPRhicR LIS rRuréR%Wducard 10 about 350C. 9.
13 October 2004 WD 01/ 79327 PCT/ US01/ 10027 ile the third tenperature is

bei ng mai nfEIRIETIC PIgEsare 95 1SS 15 mekailicd. huk prsiearblye is copdngted @s fagt ast nospheric or
| ess. The eahemihllyWiad&itall he pressure is reduced to atnospheric pressure or
| ess is.not cri eferably, is.conducted as fast as economcally

ical, but p . Cor C
practicadl. 5 Ththel(i%?f“&?et{‘ﬁtﬁ’éSFBFS'atSHf@“eﬁWBeW@@%ﬂWfé@ent time to form

the desi remoleamhaﬁagmﬁomwhltmmﬁe/mrbe a Bicfior dfftRe sedific Rectandd, WRCt i on of the
specific rea taats, the product desired, .the reacCtion tenperature, the

reacti on pPREUG fesired, (e rearliop fegperaturss the reactiqn prespire, agd s ke | require from

0.1 to 5 hq@ﬁ&aﬂypﬂﬁfsfbﬁahﬂkqgirgﬁoﬁ\@.ﬁo B akrS, prefii8bly 826 k% hdupd, this third
heating step may be t ? sane reactor design used for 10 the process stages

“described abovelh§reasty a5 dhiythird beating steppay be the samerreastor designiseder sui t abl e

react olg. Mook stabfQleRHOEPHDVES: ihd)De BIFRRGNnd 10 ¥hdtlcd $ond ISoRgnducted in a
conti nuouss%%glnner. For exanple, there is no need to discontinue the

process to PIeaf@rSr eaction prior to nmoving to the next step of heating.

Mor eover ; t her eNdtgbly)@hd1R6ssd oF thl s Eem bivehtoniPcdniferdd iR G 8Sinhousadd addi ti onal
reactants in-different stages. Accordingly, the process sinplifies the

manner of PRYHHCTY GBS hiercs 2o Bepd Ao tiseeatinys ghersodest ta coal ghe reasdion cont i nui ng
reaction tgriqi@muditg to e pat MagbdRatingN Mokddvaiherke 3s ftAKed fotiddnddagt the

produﬁi pr.oduced accor&i,ng to this , invention have |l ess triam ne
a

cont a t thg Rrocess fp Hid;adutiona] reactants jndifferepf, slages, Apsordinetpdhesptesnt nay be

neasur ed, §i@plifesalgh@netif pﬁﬁﬁciﬁ%ﬁ&f@ﬁi%'b?ﬁb%a%g td@teRapitRe de hydrol ysate.
For exanpl go,nﬁmlggnmwu%n% &%lpcg,the p%égmrr%te.hy enediam ne, is used in the
The inventors have found that the products produced according to this
invention have less triamine contamination than prior art products. The triamine
20  content may be measured, for example, by gas chromatography of the polyamide
hydrolysate. For example, when the diamine, hexamethylenediamine, is used in the
present process, the levels of the triamine, bishexamethylenetriamine (BHMT), may be
determined. The greater the triamine content, the more contamination. In one o
embodiment of the invention, the polyamides produced according to the present
25  invention have low levels of triamine content, such as about 1,000 ppm or less. In
another embodirnent of the invention, the polyamides have a triamine content of 900
ppm or less, preferably 500 ppm or less, more preferably 400 ppm or less, and most
preferably, 200 ppm or less.
The products produced according to the present invention further may be
30 characterized according to its relative viscosity. Relative viscosity refers to the ratio of

solution and solvent viscosities measured in a capillary viscometer at 25°C. The

solvent is formic acid containing 10% by weight of water. The solution is 8.4% by
10



present process, the levels of the triam ne, bishexanethylenetriam ne

(BHMI), may be deternined. The greater the trianine contehtOcloher 2ifide

cont am nat one enbodi ment of the invention, the polyan des produced

accordi ng ?gray#esgpr esent 25 invention have |ow | evel s o‘}C%{[Fsl};’é’r?P"ﬂe cont ent,

such as about 1,000 ppmor less. In another enbodi nent of the invention,

t he pol yam des have a triam ne content of 900 ppmor |less, preferably 500

ppmor |ess, nore preferably 400 ppmor |ess, and nost preferably, 200 ppm

or |ess. The%oquct.agggloduced according to the present invention further

may be 30 CTRFAERIEgmidepplypersissolued ip hejspl¥entoThis fostis hased e ABYM Rel at i ve

vi scosity rSefndad Test MlidTAYSO TOE relgRb Uké&ﬂie@@ﬂh&ﬁﬂl%/ﬁﬁaes\df%fé%ésfaﬁteS neasur ed
[ orm c acid containing

in a capil I.are}{.vi scorrertaﬁr . g\?c. Th? solyvent is

10% by wei ¢HEEHE FRE@PT Yrﬁﬁf@ cenes ot 1 & tog 0Q.opreferatly 13 80 €%t ober 2004 WO

01/ 79327 PCT/ USThé poMRE nvdyite Rhalpell ¥eudidie b elei Polyatlide $04 ¥@fpd. int he sol vent.
This tegt is bﬁ?ﬂﬁgl on,Ag‘@/l ,St ndard Test MNet h_og D 789. The relative

vi scosi P e ©FEYRP ARG B egreroyRs ags dsisamiped in mplssorrymilionerganel al | y

W t hin t he poBR@S 19Tknd¥n fnethd@DsucRbEhyetitRlabY, B ekinfi® the lafmRroduct s may be
anal yzed acc%éde@% t&gélhe r pol amggﬂaigzg groups. In 5 particular, the

ani ne and XEWYcEFECYLBR e FampEt WETRy f Accisiingdo thermethqds pp paggs ans of

pol ymers b%’i’-ﬂ%Vmﬁdi@%fmf@@ebﬁofiﬁdﬁs’%ﬁ:il%alyﬁ@butﬂ?éﬁé@ﬂy%ohﬁ he pol yners
~produced ag‘gi%r cziéggg tﬁvt,hg%jgx?ng es_were anal yzed according'to the nethods
on pages Y $o R0nsplngdn h - imeqperal, the nelyaee hassemmend grouagindhe i al  Anal ysi s
publ i sh1ed Iyhgd 6hRss thinl 19V nilePamillion Gramshobés prdfitakl@ RRE dhhn 1{d1e POl yrer has
am ne end _groups in.the 10 iyange of les‘iﬁt han 150 noles per mllion grans

pol yner, p @P&W@l‘qu‘? oet-1 Yloreover, the, pelymerdias agid endagronps imtbe pol yner .
Mor eover, tdige pDlessitin 400 510RE héld Pé):dnigfoﬁ \$RSnsipBlytlR€ prefede 163f thhe3s0 t han 400
nol es acidﬁp r mllio FPglrams P mer, preferably less than 250 noles acid
per millio DS?MPBW@ tg.lm’ﬁfg’y f-yam des of the present invention can be
used in any knoWi palnideabf thélprededt inGéntif@ barddiueRiSn mﬂno%%ﬁﬁhtﬁtioﬂ hese

pol yam ges can, be. se[’d as fﬂbﬁﬁs’ | astics, fi%@, and nol di ng conpounds.
EXANPLES  FPEISFRER o5 FRappele, Tiseh poiamides e e pSifipers lastet. Pt ng

non-1im ti agd mpingicbmpamanpl es. I n each of the exanples, the products are
anal yzed according to the EXAMPLES

This invention will now be illustrated by the following non-limiting specific

examples. In each of the examples, the products are analyzed according to the
20  following methods: adiponitrile hydrolysis levels and products were determined by
high pressure liquid chromatography (HPLC) analysis; relative viscosity (RV) of the
polymer samples was determined as a 8.4 weight percent polymer solution in 90.0%
formic acid; polyamide end group analysis was determined by titration; and -
bishexamethylenetriamine (BHMT) levels were determined by gas chromatography
25  (GC) analysis of the polyamide hydrolysate. '
| Example 1
This example demonstrates the production of polyamides by heating a mixture
of the dinitrile, diamine, water, and catalyst to a ﬁrét temperature of 180-240°C, and
heating to a second temperature of 250-350°C with water purging of the reactor at the
30  second temperature, and maintaining the temperature of between 250-350°C while the

pressure is reduced to atmospheric pressure.

11



20 follow ng nethods: adiponitrile hydrolysis |evels and Products wer e
determned by high pressure |iquid chromatography (HPLC)1&R&opsi 4304
relative vj i (RV) of the polynmer sanples was determned as a 8.4
wei ght per‘@ﬁﬁ%ﬁ%ﬁyymr solution in 90.0% formc acid, P&S(‘{F&W&’e? end group
anal ysis was determ ned by titration; and bi shexanet hyl enetri am ne ( BHM)

| evel s were determ ned by gas chromatography 25 (GC) analysis of the

pol yam de hydrol ysate. Exanple 1 This exanpl e denonstrates the production

of pol yam des bx heatin .mxture of the dinitrile, diamne, water, and
catalyst to a fr9-99 gﬁa@ﬁg@%ﬂowe’&ﬁzﬁwﬂEﬂ&m&ﬁﬂd63113%8@@50%9% second

t enper at ur evegfht p&rbendRfieoudissiBtioNHeRimdkyEHeliam Bt (4415 driachaladl of Ne 30 second
tenperature, and pmintaining the tenperature of between 250-350C while the

pressure . £° Sadiagying) yere Biieed; vithshe.catalysh phasphari acid; ipaamponpiwo 01/ 79327

PCT/ US01/ 1003 gfbths¥Pa 85 ¥omBhtQercBhti @S SdlltRn oBphosfhofit 388 (Rbsd|RhA! . and 63. 12
grans of 69. 76g€a\?‘\;ei g%tég@ggirgc?ﬁi agaﬂeous sol ﬂtoi l(g)*;\ ‘ﬁ‘é)xarret r(1yl enedi am ne (44.03

gr am eqdi v&RuKler pf Hetdidivp 005 stainlesysted apfoglare akxqam t he cat al yst,

phosphori ¢ t@geshturt NTR bR NvasYressiizb @ & DIANP2 Boo ﬁsigﬁm‘ﬂ?ﬁiﬁt}%en%ﬁ cent _
aqueous sol ution of phosphoric_acid (0.084 gram 5 equival ent of phosphoric

aci d) in attoeste spaiha elased Lbi opseting v eepgated gpniotal efbesedimese. The'
autocl ave vas DUAEMing Al difohn® hadRi 3980006 Lith ol ikl UGG and L he

- pressure was then released. This operation was repeated for a total of
three tinmed.72\MRa(28¢ psig)i Afer achieving 2O Cathe pusssurehem tfandto vt d@wakert h t he
pressung Vv y/ (250 psig). After achieving 200C, the
pressurlg nghftggz%j g(glﬁaﬁrz;%/ls%@?' en 10 1.14 to 1.71 MPa (166-248 psig).
After 3 hours aAfi@(Chodys at RO “Ceothe dengieratere wasraised ©&d5 PO abWhicktime, avhi ch ti ne,

a water purge was_punped.into the. autoclav rate of 0.5 nL per

m nut e. Thlrdvguéﬂmg%en ll’q%"d’?d fnﬁoet?lF 5‘2}8?1?v8ﬁ9?)?a§s°§3%te‘n€5?%}'tﬁt gg’i‘?@%h bet ween 1. 70
to 1.72 MPaertiddph feactiop pregiurcwasinegntaine! eowsen @.70fto 1. AZMPagptG-268nt . 15 After |
hour at 27 h ut ocl ave was vented down to atnospheric pressure over 1
hour. Afte Sq%?c‘h“%%%ﬁd’g'%?err%@beheé‘ﬁrémeﬁ%essure, t he autocl ave was nai ntai ned at
275C f 06 an addAfierdriaur #2730 ti estoclTevawtaed duven toasndshigsic pdsaied t o cool

to room te r.at ur . . .
S achieving atmospheric pressure, the autoclave was maintained at

275°C for an additional 45 minutes. - The autoclave was then allowed to cool to room
temperature. ‘
The contents of the autoclave were analyzed for relative viscosity, end groups,
20  and BHMT content as described in Table 1.
Comparative Example 1
This comparative example demonstrates the results obtained where, when the
second high temperature is reached, no water purging is added to the autoclave. The
procedure of Example 1 was repeated except for the following changes. The same
25  amounts of adiponitrile, water, hexamethylenediamine, and phosphoric acid were
added to the 300 cc stainless steel autoclave at room temperature. The temperature
was raised to same levels as in Example 1, but no purging of the reactor with water
was conducted. Afier the first temperature of 200°C was reached, the observed |
pressure ranged from 1.106 to 1.74 MPa (159-252 psig). After the second temperature
30  of 275°C was reached without any purging, the pressure was found to vary between
4.03 to 4.65 MPa (584-675 psig).
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The contents of the autoclave were anal yzed for relative viscosity, end
groups, 20 and BHMI content as described in Table 1. ConbhaPsiebeeld®danpl e |

This conp ' xanpl e denonstrates the results obtai re, when the
, Sﬁﬁtoiﬂg%me ﬂ}:g‘gudsﬁ@ﬁ)?%

second hi tenperature is reached, no water purging is 0 the

aut ocl ave. The procedure of Exanple 1 was repeated except for the

foll ow ng changes. The sane 25 anounts of adiponitrile, water,

hexanet hyl enedi.am ne, and phosphoric acid were added to the 300 cc

stai nl ess steel ,qutocl av t . roomtenperatur The tenperature was raised
P, e appgla

to same |evel s 48erhorat WWF@‘F&SOWm@H@SP@&'&P&SSWth wat er

was conducto@sh1 Kbt Rhild ffinthin ﬁ@&hét@xﬁgﬂt&fe%,@'/@b AN R Tink SAERGIErict he
observed pressure ranged from1.10 to 1.74 MPa (15;:8%2%5 psi .mAfter t he

second t enprEsury the agyclgre waamintgised a 32F€forvin ddditional 4§ mimtesi The t he pressure
was found 584-675 psig). 12 13 Cctober
2004 VO 0170848 “@%@Wﬁ%ﬁdiﬁ%’fﬁ%ﬂ%@ém 275C, the autocl ave was
vent ed down t o Thewssishieof the putedavgrvesre anabyzedifohwsiativavhisdosityrandgraipsi ng t he
t enper at ur Hﬁfﬁ -2\ a [ t he autocl ave
was mai nt aiglrlfg% a c%?gﬁ{%g%scgﬁ&algg?@?é’nf’ﬂ%g@m%’rﬁetpégsgugﬁgéugﬁ% ocl ave was then
al | owed t oaecouling to thegnethadanf|this example sh@vefleprodnat lewing addghtttiaminat ocl ave were
anal yzed f ' ' Py VA - : I ..content as descri bed
~.I'n Tabl e 1251}t§1n%%g$’§?(&]i é?ﬁgﬁéﬁ/%lfl@%ggﬁt%#g%%gggg‘&@?%m& ng to the method of
thi s exanpkentarhiostedand impus potdudtavi ng a high trianmne content of 5,590 ppm

This hiygh triam ne content inds - | %E i cantly contam nated and
| mpur e 1groduct . 10 Conparati v(ejd:@éaﬁ%lngg ins conpar ati ve exanpl e al so

i |l ustrates theThieseunpasativhexainpichlsshilystratanthp tesglisntaied ebewot ed. The

procedure i\r/v:ﬁ ' unts of
di am ne, vvgﬁnglr%éq%gﬁlﬁ ‘tlcrkl e, eg‘%héd%ﬁ"gﬂ?%%&g 1;%.?503 I%%d\/ve‘g"%t/%ﬁ,ﬁe %qy&g?r ring,
t he aut ocl andaneutsied diamine; water) digitrilland phespherivogil. Howesumvdtholizimgyed at 240C

was 15 wit hi. 2098 2 ( ' ter 70
m nut es at %3‘8%@@%% aﬁttg%g)lzg\gae&v\fa}% aﬁtgé‘%}lggf 8£5%§8%%§§%@%£%\0u5 pressure
observdd awithBo® rangapfd-10fte 44 BIPe 3 A4eA54 poig). Mfier (76 2dnuES 2t PAIG)the Af t er 80

m nutes at att8Q5ve Wi ReREES SHH2. W& autogenous pressure observed at 260°C ranged
from 3.63 to 4.08 MPa (526-592 psig). After 80 minutes at 260°C, the pressure was
vented down to atmospheric pressure over 30 minutes. Once atmospheric pressure
was attained, the reaction mixture was maintained at 260°C for 15 minutes. The

20  autoclave was allowed to cool to room temperature and the contents were analyzed.
The analysis of the products in this comparative example are shown in Table 1.
Table 1 shows that the method of comparative example 2 produced a product with
222.3-232.8 moles of amine end groups per mitlion grams of polymer, This high |
amount of amine groups is indicative of poor adiponitrile hydrolysis. As such, there is
25 apoor hydrolysis of the adiponitrile. This is further ev;idenced by the analysis showing
that there was no production of acid end groups. Finally, the resulting product had
high levels of impurities as shown by a BHMT level of 1,684 ppm.
Comparative Exampie 3
This comparative example shows the results obtained when the temperature of
30  the autoclaved mixture is raised only once to a high temperature. The procedure of
Example 1 was followed except that phosphorous acid in an amount of 0.0836 grams

was used as the catalyst. The autoclave containing the mixture was pressurized to 2.07
13



vented down to atnospheric pressure over 30 m nutes. Once atnospheric
pressure was attained, the reaction mixture was mai nt ai nedCstebestiif4t or 15
m nutes. The 20 autocl ave was allowed to cool to room tenperature and the
contents WPAVRRY| yzed. The analysis of the products iPﬁnR'ﬁ?léw%rrpar ative
exanple are shown in Table 1. Table | shows that the nethod of conparative
exanpl e 2 produced a product with 222.3-232.8 noles of am ne end groups
per mllion gram; of polyner. This high amount of amine groups is

i ndi cative oorséditgomtrl | e hydrolysis. As such, there is 25 a poor
hydrol ysi s 5 MG mitraeen and W@W@"‘faﬁﬁﬁéﬁd Jhispercedte w9s t he anal ysi s

showi ng t h&ﬁdu&tb@ﬂ&e%saﬁﬂ,ﬂlitﬁq%g%ﬂoc%b draShed 'E(PZ'BSC withi@ |y, the
resul ting product had hi | evel s of i mpurities as shown by a BHMI | evel

of 1,684 pBREswGLYRBbIehttlvi2 § esig). Piesachisiing 243" Cve walrePHIEEWashows t he
results ObpadhpRAntb IR hutddRvé AERSE Bf 015 Sl Her mrifutd, Mrciigh a@gq@m xture is
(0]

rai sed gnly once to a high tenperature. The procedure le I was

fol | one 1 [rgaire ﬁﬁ%%‘ﬁ‘ﬁ@lf"@@lﬁet%?”dl ¢7rf°dr?4é‘ﬁﬁﬂﬁﬁo'%$3 wig)dwingthens  was

used as t heoalFheeperhtat, SARR G HBY S OPPLRIHE WA ;unge &Bﬁttnggtg pressurized
to 2.07 13 13 Qctober 2004 WO 01/ 79327 PCT/ US017 10027 psig) with

ni t rogen aﬁ?fl@ﬁé“t%‘il@@é’ﬁiﬁéeﬂwoﬂ@lt%m&’ ST Prssshreswergl froar conducted three

_times and, aiosphefit plebsuRthe blMBcIMEVRE AR B Sod] 86408H thffp Qa%ﬂ %E' the
: pressure vent set at 1.72 MPa (250 psig). After ach| eving 275 a water

purge was CoRigRbEwere malyzehe aut ocI ave at a rate of 0.5 nL per mnute.

Thr oughgvent i ngThel &gty ﬁsa ro@RtsDh BESERApIaR: KB ATBR], Bgabiwgen 1.67 to
1.74 MPa ( 0 253 pSI dur| ng the course of the experinent. After | hour

at 275C, t of sRImRRF e FAPlRcProdiced & predust vtk pBigR was vent ed

down to at mﬁﬁlﬂﬂﬁfﬁ&nﬁk%&bﬂt%&&ﬁ{eB’HM?‘éEmtexﬁ\Rvas@bﬁ@ﬁﬂi}ber' c pressure, the
aut ocl ave was allowed to cool to roomterrperature and the contents were

anal yzed. 10 The anal ysis of t¢RMRsRYUCEXENle?t hi s exanpl e are shown in

Tabl e |. Tabl e This &dnafativddiam f&Qliﬁﬁﬁt@QﬁleE@sul%Qim{eQWh&%n@? s 3 produced a
producggwth a %gﬂe anount of trjam ne content, since the B MI' content was

1, 039 ?@%ﬁ?ﬁ%‘%ﬂ%ﬂ@%@}?&fﬁ&f@@hgﬁw grams piist r at es t he
results obpmjsﬂﬂﬁomﬁaevaseseaué i B&tally&t. Mlo‘ie&anﬂﬁ@}c@shuﬂdlﬁere& gegdure of

Bxample | pe ol e heaaabt at B Yo ormoedd o TE «f 01 MPa (132-147
psig). After three hours at 200°C, the temperature was raised to 275°C. The reaction
was allowed to stir at 275°C for one hour with the pressure vent set at 1.72 MPa (250

20  psig). No purging with water was conducted. The autoclave was vented down to
atmospheric pressure over one hour. The autoclave was further maintained at 275°C
for an additional 45 minutes and then cooled to room temperature.

The analysis of the products in this example are shown in Table 1. Table 1

shows that the method of comparative example 4 produced a product with a high

25  amount of amine end groups signifying poor adiponitrile hydrolysis. It further shows
an acid en_d group content of 22.2 moles per million grams polymer, which is
indicative of poor production of the desired polyamide. Moreover, the BHMT content
of 2,709 ppm is indicative of a high amount of triamine content.

Example 2

30 The procedure of Example 1 was followed except as follows: 62.24 grams of a
69.76 weight percent aqueous solution of hexamethylenediamine (43.42 gram’
equivalent of hexamethylenediamine) was used and the catalyst, phosphorous acid,
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phosphorous acid was used as the catal yst. Mreover, the procedure differed
from Exanple | in that the pressure at 200C was bet ween ©3 9¢®bep200401 MPa

132- 147 ' After three hours at 200C, the tenper raised to
( WEhdhsag P ondcHlsiphiRy

275C. The rea n was allowed to stir at 275C for on h the
pressure vent set at 1.72 MPa (250 20 psig). No purging with water was
conducted. The autoclave was vented down to atnospheric pressure over one
hour. The autoclave was further maintained at 275C for an additional 45
m nut es and the‘P cool ed t? omtenperature. The analysis of the products

in this exdmyised ipan amoupe phg:ﬁéa% s. 1At thejigmperpturegf OR°C; e Presiee net hod of

conpar at i Viafeanith @ary bRfvaeh! €28 1Al T MeH Olle3 060 Psig). it @fis #8or@mount of ami ne end
groups signifying poor adiponitrile hydrolysis. It further shows an acid

end group EBREENIE YR75°%, teggetion pressursWap mgintafed froyab) vonkng beliyeprh i s

i ndi cat i ve1.69 toPIoTy MP4 @A9.058 péig)furih e dQFid dFtheRRpofiEnt eEhe¥BhORYSY . the BHMI
content_ of 2,709 ppmis_ indicati ﬁ%pf %ﬁgl gh anount of triam ne content.
8

2 p .
Exanpl e 2 e aytaglaysyreanihyg desex) s foll owed except as follows:
62.24 grans of a 69.76 weight permgRbledqueous sol ution of

hexanet hyl enedi_ am ne (43.42 grani equi val ent of hexanet hyl enedi am ne) was
used and the c wé%ﬁfo%’ﬁﬁ@l%o‘a@é@ij%{edfweg@scfﬂ{%b@ﬁz‘cm%aol/79327

. PCT/ USO1/ 180075/ weiigit pefe6it alpiboad soRiiBH Bf heRdm&h 1R Gialid(83.6 brakhe t enper at ur e of
. 200C, the pr,essurepgwas a%lound to vary between .12@0 1.72 MPa (163-250

|t 1 /
psig). At tayeleatefdsxpmethyiaredigminplwasusestand theicpialyste Rosphorrus pids ur e was
nai Nt ajme dwhdiised!iihn\WaidhntdE 0083 s. At tRSreinPerdtul YOPC| @4 prese PSi g) during

the course of the exper contents of 5 the autoclave were anal yzed

e dosor | DEE PHANAY bewoark AT LSS IpeaS Bt Ao SRR, & | s {0\ | oued

except as febb@ies of925%4 tHréiBorhresBure O8s BAwYR (Y5 19 €74 RMPa (ROLBAUS Sol uti on
of hexanet hyl epedi am ne (.43.63 %L‘g‘?’% equi yal ent of , hexamet hyl enedi am ne)

was used aFe)t fhBe eontenfsndthe agjogle 264 o deagsibgin Tabled- i n” an anmount  of
0.0836 grans. At the tenperature afxaRpRG the pressure was found to vary

e L T e e a0 Tl e S S5 Mty ST U
The cont engtsgiordud @ciaWwRakaMa af\BhandHR). 0836 graas. Ae BkNidmiRethtirdoflabl e 1.
200°C, the pressure was found to vary between 1.17 to 1.58 MPa (170-229 psig). At
the second temperature of 275°C, the reaction pressure was between 0.965 to 1.74
MPa (140-253 psig).. The contents of the éutoclave were analyzed as described in
20  Table 1.
Example 5
This example demonstrates the usefulness of catalyst mixtures. The procedure
of Example 1 was followed except as follows: a catalyst mixture of 0.0205 gramsﬂof
phosphorous acid and 0.0075 grams of calcium hypophosphite was used. At the
25  temperature of 200°C, the pressure was found to vary between 1.12 to 1.73 MPa (163-
251 psig).’ At the second temperature of 275°C, the reaction pressure was between
1.66 to 1.72 MPa (241-249 psig). The contents of the autoclave were analyzed as
described in Table 1.
Example 6
30 The procedure of Example 1 was followed except as follows: a catalyst mixture
of 0.0205 grams of phosphorous acid and 0.0075 grams of calcium hypophosphite was
used. At the temperature of 200°C, the pressure was found to vary between 1.12 to
15



Exanpl e 4 15 The procedure of Exanple | was foll owed excegqt3 as follows: the
catal yst, phosphorous acid, was used in an anount of 0.0838clgPan)04at the
tenperatu f 00C, the pressure was found to vary b n.l.17 to 1.58
MPa (170- %@b&b@?é). At the second tenperature of 275§E¥>ﬁ§019é°§%tion
pressure was between 0.965 to 1.74 MPa (140-253 prig)., The contents of
the autocl ave were anal yzed as described in 20 Table 1. Exanple 5 This
exanpl e denonstrates the useful ness of catal yst m xtures. The procedure of
Exanple 1 Wﬁs fol | owed except as follows: a catalyst mxture of 0.0205
grans of b%%&]‘%’ﬁ%ﬁlé’éﬁb Hige sreendtemprrating ob#75C6d the GASHeD PSR phi t ¢ was
used. At t{es bkbwdefTHBIEN 70 SIFAf(24A05AG psip]) A R © Hd ik Gt WBEC, fiwad of @eVary between
1.12 to 1.{ MPa Q%g@l 251 psi gﬁi At the second tenperature of 275C, the
reaction phBuE@sse ip Exgimel 1. e weennyrep was digpontinged; the agodiavegyas The

contents chteﬁ@oﬁﬁ&@ﬁhﬁbﬁcﬁ@?@ss%@b&zl%u@?andq{%?’&ﬁdcﬁ%iwhﬂnﬁﬁﬁhﬁd 1. Exanple 6
30 The procedure of Exanple | was foll owed except as follows: a catalyst

m xture®  oft 282 Golsanpddiiong)45 sripuies dhe centents of heytoglapese grakyggd 8% cal ci um
hypophosphddseiteasn Tabkerd. At the tenperature of 200C, the pressure was found
to vary between 1.12 to 15-13 Cctgober 2004 WO 01/ 79327 PCT/ US01/ 10027 1.73
MPa (163-251 psig). At the second E%Wﬁ]éﬂature of 275C, the reaction
pressure was bafidampik deRohstratls %gpmﬁﬁﬁgéﬁﬁ@ﬁ%iﬁ'bgheaﬁﬁ%EﬁfixtarehourS at
275C, instead of the 1 hour as set forth in Exanple 1, the water purge was
di scont i nu¢fdhe Qipgrilg, tiageing yeatarepad cajdyst tap Fs\ipmpaatyrevd SHHM0PE, asdessure over 1
hour s; 1@n G I AME MaST - B ' f itional 45

m nut els(;ji T é‘h%%eﬁ%ﬁeunlt s of thezgﬁ%ﬁﬁﬁ%fg‘? gﬁrgﬁ%?%gg&g%patgﬂegcri bed in Tabl e
1. Exanpl escPonfliemsparatanpt twodbffoenstatest es t he producti on of pol yam des by

heating a m xt L0 & L am Lyst to a
first tenperat %gjoﬁﬂl%%%%ﬂg%ﬁﬁ%?%% ﬁrgjlng ﬁ?eﬂ&%r’ é%%g%%m?‘g}%gr%a L’J%i] Z of

250- 350C viperdentwguequs selntgoriyxahethiencdienine ¢43.4% grathequwdmhol t enperature at two
different gal&Shylencdiamine), and 0.0836 grams of phosphorous acid were added to a 300

15  cc stainless steel autoclave at room temperature. The autoclave was pressurized to

2.07 MPa (300 psig) with nitrogen and the pressure was then released. This operation
was repeated for a total of three times.

With stirring, the autoclave was heated to 200°C with the pressure vent set at
1.72 MPa (250 psig). After achieving 200°C, the pressure was found to vary between

20  1.16 to 1.54 MPa (168-223 psig).

After 3 hours at 200°C, the temperature was raised to 275°C. After achieving
275 °C, a water purge was pumped into the autoclave at a rate of 5.0 mL per minute.
Through venting, the reaction pressure was maintained between 1.71 to 1.74 MPa
(248-252 psig) during the course of the experiment.

25 After 20 minutes at 275°C, the water purge rate was reduced to 0.5 mL per
minute. After 40 minutes at 275°C, the water purge was discontinued. While
maintaining a reaction temperature of 275°C, the autoclave was vented down to
atmospheric pressure over 1 hour. After achieving atmospheric pressure, the autoclave
was maintained at 275 °C for an additional 45 minutes. The autociave was then

30 allowed to cool to room temperature.
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40. 00 granms of adiponitrile, 33.26 grans of water, 62.24 grans of 69.76

wei ght percent aqueous sol uti on hexamet hyl enedi anmi ne (431&9cigpamnz004

equi val ent_of hexanet hyl enedi am ne), and 0.0836 grans_of phosphorous acid
vere addedV?8YE3Ho0o 15 cc stainless steel autoclave at PFOEM & per at ure.
The autocl ave was pressurized to 2.07 MPa (300 psig) with nitrogen and the
pressure was then released. This operation was repeated for a total of
three tines. Wth stirring, the autoclave was heated to 200C with the
pressure vent set at 1.72 MPa (250 psjg). After achieving 200C, the
pressure was found to vary betweenE*@@leB 16 to 1.54 MPa (168-223 psig).
After 3 hours athi?&@faplelddRohsaaiRs the pridEetion Sf foljmBdk byhedtim midtdi®r achi eving

275 C, a water pur_'ge was punped into the autoclave at_a rate of 5.0 nL per

mnute. TAFBeERHEAiamige ke and setelyyat yrigwdepeerstass Withind 89¥¢0Coet ween 1. 71

to 1.74 NPgor tHedftét tetipérddict id Witkih DS0-330C €0 ieSecddll tdnljRrBur@Qithent . 25 After
20 m nutes at,6 275C, the water purge rate was reduced to 0.5 nL per mnute.

After _46_ nPHE€s at 275C, the water purge was discontinued. Wile
nai ntai ni ng a remtdedins JIANPeKiR1s)38.20 bramé 6watb) 62 24/ 5@k aVLeoms vented down

to atnospheric pressure over 1 hour. After achieving atnpspheric pressure,
t he aut ocl ¥gightRescentadpsoss spbetioniof hexgmethylgpediamine(A3-¢7 gam equisalgptofit es. The

aut ocl ave WaGmkih¢Rneditthind ,|&%®830;(;£ﬁ95ftﬁ@caﬁ Noh&pR&HbE défE werkb 13 Cct ober
" 2004 WO 01/?9327?%CT/ US_O|)/ 10027 anple 8 Tﬁ%g]peidgn | e denonstrates the

“product i onmred iRt JR0scaRinkss sedd eitaglavs ahfoemerapergyrey Rhe gitoplave Wag  di ani ne,

vat er, j@ndpfegdufibeldss 207 mr(ﬁovgfsigt) QR BItRpAH 28 ﬂ‘x@'&fc&klﬂe WaOtédHfeasdaor the first
tenperature and within 250-350C for the second tenperature with 5 purging.
40. 00 gr andhigPPes#HonAYes Feppated fonatosed ofthrertimes. With glirring sheoantoslayevasf a 69. 76

wei ght per f&dd (8 BPOWAthIRY prbds@r@ veikt s&%&ﬁﬂ?ﬂ?&%ﬁ@?@ﬂgﬁﬂﬂ& atfidvide? 9ram
equi val ent _of hexanet hyl enedi am ne d _0Q.083 rans of the catalyst,

phosphorou's’zcg@i@?P‘\'Réﬁ“@Vaﬂ%&rﬂgeﬁfg%%gg@%ﬂp%g? RYBe AfSIIESE| ave at room

t enper at ur Bourd K1226°¢, AN RrABE WhOraREECHITSICE Ot thiS seboRtteMPatatuR)® PSig) with
ni trogig and the pressure was then rel eased., This operation was repeated
t

for a totalaisF Purg wes Rumpedinta he putaglave at afgte of .4 miypes e Hayeugh

venting, the reaction pressure was maintained between 1.71 to 1.74 MPa (248-252
psig) during the course of the experiment. After 1 hour at 275°C, the water purge was
discontinued and the autoclave was vented down to an atmospheric pressure over 1
hour. After achieving atmospheric pressure, the autoclave was maintained at 275°C

20 for an additional 45 minutes then allowed to cool to room temperature.
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heated to 220C with the pressure vent set at 1.72 MPa (250
achi eving 220C, the pressure varied at a range of 1.59 tH

(230- 251
275C At

autocl ave at a rate of _
pressure was nmai ntai ned between 1.71 to 1.74 MPa (248-252 psig) during the

course of the experinent.

hours at 220C,

0.5 nL per

Af ter

m nut e.

| hour

Thr ough

at 275C

After

Somaenrags

ghbgb. After three the tenperature was raised to
t B&%nd tenperature, a 15 water purge was J5d¥ %o the

t he wat er

venti ng,

purge was

the reaction

di sconti nued and the autoclave was vented down to an atnospheric pressure

over |

hour .

After achi eving atnospheric pressure, AUt C
mai nt ai ned ‘at 27Bke conentynf thepuigelaveriern panlyzed and theresudts enedescaliel dwed t o cool

room tenper ataple®., 17 13 Oct ober 2004 WO 01/ 79327 PCT/ US01/ 10027 The
contents of the autoclave were

Tabl e 1.
Anal ysi s
granms po
4503063.

t he autocl ave was

to

r
[1ion
15

nal yzed and the results are described in
TABLE 1 5 End group. Eng ! ExampleRel ative Analvysis fq
MT Vi Yy AT Né up,nm mu%ms/m‘
ymer) gr ans ) 164 SIESS0 2P 25148 9123. 64
5499 Aning aad
(moles/million {moles/million
grams polymer) | grams polymer)
i 65 93 14.5 860
2 20 18 139.0 148
3 24 19 1236 415
4 50 30 63.5 499
5 16 21 69.0 413
6 46 106 10.2 1,910
7 15 18 2352 318
8 15 17 207.7 133
Comp. Ex. 1 19 N.M. N.M. 5,590
Comp. Ex. 2 - 16 233 0.0 1,684
Comp. Ex. 3 5 N.M. N.M. 1,039
Comp. Ex. 4 12 181 22.2 2,709

“N.M.” means not measured.
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5162169. 0413 64610610. 21, 010- 71518235. 2318 81517207. 7133 Conp. EX.
119N. M N. M 5,590 Conp. Ex. 2162330.01, 684 Conp. Ex. 35N. MAORokend®4Conp.

Ex. 41218122. 09 "N.M" neans not neasured. 18 13 tober 2004 WO
01/ 79327 é%‘%f’%’éﬁ% 10027 WHAT IS CLAIMED IS: 1. A pr ocgg" TB% U8Yducing a
pol yam de conprising (a) contacting a dinitrile, a diamne, water, and

optionally a catalyst to forma 5 reaction mxture; (b) heating the
reaction mxture to a first elevated tenperature of between about 180 to

about 240C; i_nt ainin | d tenperature for about 0.10 to about 20
" hours; an%ﬂ%‘ﬂ%ﬁﬁ?‘rol ling the pressure by venting of water; (c)
heating the reaction mxture at the first elevated tenperature to a second

10 el evated tenperature of between about 250 to about 350C;, addi ng water to
the reactilon ni>RRfes IPEATEuSIng 2 PalypEde COBBUSAE ol evat ed tenperature is

reached; mai nt @) dof@cting@ diMieikes b BRI, WA addCoptiaRay @ cRh RSO RAMIL Pressure
by venting at | east sonme of the water; and maintalning the second el evat ed
t enper atur SSBM BANGAE od of about 0.10 to about 10 hours to produce a

pol yani de 15 2. (hhhRattpQheRaction aRkteNda fifkt QbvaledichpeARE 6 BetkdnSt €P (), the
diamne is added in, an anount wi.thin 10 nol e percent of equi nolar based on

the dinitriaPentdAtoralpytRae°C; pristaining sapl tempgsatyss for apeyt OlQite pbaus2Qdded i n at

I east a st Gof] MERptiduallPETAMONing e PhdsitPe byovenfiglifimatde. 20 3. The process
according to claim1, wherein after s.tegﬁé ) he reaction mxture is
t

c), t
mai ntai ned at a(® HERRSIRAFERAIGR BEe ¢ the Bt clostsd temnsiire togsteondhi | e t he
react! Q@ elevated temperature of between about 250 to about 350°C; adding water to the

reaction mixture before or afteriliesecond elevated temperature is reached;
maintaining the pressure in step (c) above atmospheric pressure by venting at least
some of the water; and maintaining the second elevated temperature for a period of
about 0.10 to about 10 hours to produce a polyamide

15
2, The process according to claim 1, wherein in step (a), the diamine is added in
an amount within 10 mole percent of equimolar based on the dinitrile and further
wherein in step (a), the water is added in at least a stoichiometric amount relative to
dinitrile.

20
3. The process according to claim 1, wherein after step (c), the reaction mixture is
maintained at a third temperature of about 250 to about 350°C while the reaction

pressure is reduced to atmospheric pressure or less.

25 4. The process according to claim 1, wherein the first elevated temperature is
between about 200 to about 220°C and the second elevated temperature is between
- about 270 to about 300°C.

5. The process of claim 1, wherein the diamine is selected from the group
30 consisting of hexamethylenediamine, tetramethylenediamine, 1,12-dodecane diamine,
p-xylene diamine, 1,8-octanediamine, and 1,10-decanediamine, and the dinitrile is

selected from the group consisting of adiponitrile, suberonitrile, sebaconitrile, 1,12-
19



pressure is reduced to atnospheric pressure or |less. 25 4. The process
according to claimi1, wherein the first elevated tenperat Ui ecioser Hdween
about 200 _to about 220C and the second el evated tenperature i s between
about 270 WRUBHJt 300C. 5. The process of claim1, whEFEURHRB7 di anine is
selected fromthe group 30 consisting of hexanethyl enedi am ne,

t et ranet hyl enedi am ne, 1, 12-dodecane di am ne, p-xylene di am ne,

1, 8-oct anedi am.ne, and 1, 10-decanedi am ne, and the dinitrile is selected
fromthe group copnsisting of adiponitrile, suberonitrile, sebaconitrile,
1,12- 19 18odecansdinitridndamctiyl-b o mﬁ@?f@%‘@ﬁ'ﬁ%@%@&%%ﬁéﬂ dinitrile,

2- met hyl - Lakrdagnt anedi am ne, terephthalonitrile, and m xtures thereof. 6.
The process of claimb5, wherein the diam ne is hexanet hyl enedi anmi ne and t he
5 dinitrile is adiponitrile. 7. The process of claim1l, wherein in step
(a), a cat gl ystTheprotesbf cBim 3, VheRiNGie SRmite iChebibtilylendiRfrdiehnli R Cat al yst is
sel ected fromgthe group. 10 consisting of phosphoric acid, phosphorous
acid, hypo H%Wﬂﬂ@“%%id, ___pyrophosphoric acid, sodi um hypophosphite
hydr at e, manganese(l|) hypophosphite nonohydrate, cal ci um hypophosphite,

sul furic acid, sulfamc acid, sodium bisulfate, . amoni um hydrogen sulfate,
phosphot undst i cTBenreeespiriain L. Wginmstp@mraahstisgsedny dr at e, zi nc acet at e
di hydrate, - zinc sulfate heptahydrate, copper(ll)acetate 15 nonohydrate,

. .¢al cium acetate, glycolic acid, adipi.c acid, isgfhthalic acid, terephthalic

acid, 5-subfoi sBhsRdesssiof claim 4 wherein the Fataly St i selecied Bom e EfBuY | f onat e,
mangangge( bdnsRAGHE ¢ (faﬁgpgsﬂ@damglﬁfsﬁm;%@lbaah,tuyi)mbipnbﬁ{ﬁmum broni de, 12-
y -p

mol ybdosi licic acid hydrate, ri dyl et hyl phosphoni c acjd, . L
5- sul foi sop¥fPPhasphorigasid, sodium hyparkesphitehudrits. sppsasesedDhymoghgsplitcess of claim™

8, wher ei Npfohhydakd bal&im hFpdphespRiey kilfirid 64id, sOManlb AGRRediGMBisuliied- 10. The
process of claim1, mher%hn in s%ep (b),_é e pressure is 0.689 to 3.44 MPa
25 (100 t o BEONYE; FrogeRulipte-Rhagphpupestt SRrePhangybioacd, 3 44 MPa (25
to 500 psi fydratsrincbo@ath BBGERES, AMc sulfab RepldydaRdoppdi(i)acetteep (D), the
press urlg ! xsuogélgr?&ratte? ca?[éhz:g acl\éltaa%e, glycolic acid, adipic acid, isophthalic acid, terephthalic
- acid, 5-sulfoisophthalic acid, lanthanum trifluoromethanesuyifonate,
manganese(Il)acetate tetrahydrate, cetylirimethylammonium bromide, 12-

molybdosilicic acid hydrate, 2-pyridylethylphosphonic acid, 5-sulfoisophthalic acid,

and mixtures thereof.

20
9. The process of claim 8, wherein the catalyst is phosphoric acid or phosphorous
acid.

10.  The process of claim 1, wherein in step (b), the pressure is 0.689 to 3.44 MPa
25 (100 to 500 psig) and in step (c), the pressure is 0.172 to 3.44 MPa (25 to 500 psig).

11.  The process of claim 10, wherein in step (b), the pressure is 1.03 to 1.79 MPa
(150 to 260 psig) and in step (c), the pressure is 0.965 to 1.79 MPa (140 to 260 psig).

30 12.  The process of claim 9, wherein the first elevated temperature is between about
200 to about 220°C; wherein the second elevated temperature is between about 270 to

about 300°C; wherein after step (c}, the reaction mixture is maintained at a third
20



(150 to 260 psig) and in step (c), the pressure is 0.965 to 1.79 MPa (140
to 260 psig). 30 12. The process of claim9, wherein the 13 Pstober 2k ed
tenperature i s between about 200 to about 220C, wherein_the second

el evat ed tEMPEP® ure is between about 270 to about 308EVWRNEIW n after
step (c), the reaction mxture is maintained at a third 20 13 Oct ober 2004
WO 01/ 79327 PCT/ US01/ 10027 tenperature of about 250 to about 350C while the
reaction pressure is reduced to atnospheric pressure; wherein the third
tenperature can either be th different fromthe second el evated

t enper at ur EMPERGEGPEALaTLSI i "’3’0&%’3&(}?&}‘#@‘3 KastioReresyretssufussdthe and said

dinitrile b§nc3gheReplebduld; Vherein tHelhirdeRPbMAd (AR ML BB JarRCGiférst tO the
process of claim1. 14. anldgwgroduced according to the process of

1 A |
ol ai m 12, fomithe sepondelvaied lemprranres anbvrgeln sHbRRITede conpri sing (a)

cont act i g p&atiefiylehddidtaindhr¥hia QinitiRl i€ hdipsdieopt i onal Iy a catalyst to forma
reaction mxture; (b) heating the reaction mxture to a first el evated

tenperaﬁure of between about 200 to about 220C, and nuai ntaining said

temper at ur g3 07 A Qo nkdd pAAuBAUESiA (RDprb @R drauh e Teact ion mxture Lo a

second el evated tenperature of between ‘about 270 to about 300C, adding
water to the reaction m xture before or after the second el evat ed

tenperaturgsis AoeRhGRe pRIRSAALRRIiAY o IRIRNRGL SRR 12f the added water
t hrough venting; "and nai ntaining the second el evated tenperature for a

period of about 0.10 to about 4 hours; 20 (d) heating the reaction m xture

to a thprdisenpghalcdss: HEh Akt bordpiRidg0 about 300C and mai nt ai ni ng
the third tenpergturgfﬁﬁﬁch %gﬁﬁge thé)sang%or different fromthe second

el evat ed t enper @t Gp@actifg p disitrilgedipnaing wasst. depdanally » satplpd tefogmat o
at mospheri g Bid@Sasthge; OF | ess to produce a pol yam de. 25 16. A pol yam de

pr oduced accordin%ltp t he process of claim15.
(b) heating the reaction mixture to a first elevated temperature of between

about 200 to about 220°C, and maintaining said temperature for 0.10 to 10 hours;

15 (c) heating the reaction mixture to a second elevated temperature of between
about 270 to about 300°C; adding water to the reaction mixture before or after the
second elevated temperature is reached; subsequently removing some of the added
water through venting; and maintaining the second elevated temperature for a period
of about 0.10 to about 4 hours;

20 (d) heating the reaction mixture to a third temperature of between about 275 to
about 300°C and maintaining the third temperature, which may be the same or
different from the second elevated temperature, while the reaction pressure is reduced

to atmospheric pressure or less to produce a polyamide.

25

16. A polyamide produced according to the process of claim 15.

21





